Background: Occupational flour inhalation has been a culprit in the start of several pulmonary diseases such as asthma. We examined the relationship between occupational wheat flour inhalation in bakery and supermarket employees with pulmonary functions, respiratory symptoms, and sputum eosinophilia to determine hyper-responsiveness in a cross-sectional study in Iran. Methods: 122 subjects from traditional bakeries and 137 subjects from supermarket employees were enrolled in the study. Flour exposure concentrations, respiratory signs, sputum analysis, and respiratory volumes and capacities were measured based on the standard methods. Results: Respirable concentration of flour in the bakery workers was two-to four-fold of ACGIH's threshold limit value in which bread-bakers with 2.2 mg/m 3 experienced maximum exposures. The supermarket employees were not exposed to flour dust. The respiratory volumes in both bakery and supermarket employees were in the normal range. However, the median of voluminal percentage in bakery workers except Forced Vital Capacity (FVC) decreased (p < 0.001). The mean respiratory volume of bread-bakers was reduced compared to supermarket employees (p < 0.05). In addition, we observed increased respiratory symptoms in the bakery workers, again more prevalent in the bread-bakers. There was a significant correlation between flour exposure concentration and sputum eosinophilia in which the percentage of eosinophilia in the bread-bakers was more than other bakery and supermarket employees. Although there were reductions in the respiratory volumes, the results indicated no obstructive spirometric pattern. Conclusions: Sputum eosinophilia might be a suitable screening method to detect airway hyper-responsiveness in workers exposed to * Corresponding author.
Introduction
Flour is a mixture of organic materials, which can be produced by milling of a wide variety of cereals such as wheat, barley, corn, etc. The most common flour is wheat flour, which is a mixture of various foodstuffs with wide usage in industrial production. The flour dust inhalation occurs in several industries and occupations such as flour factories, confectioneries, and also bakeries [1] [2] .
Wheat flour can be an allergen and induce a wide variety of allergic disorders [3] - [5] . According to the report of Center for Disease Control and Prevention (CDC), the inhalation of flour organic particles is one of the important factors that can cause allergic and chronic respiratory disorders [1] [6]- [8] . Dose-response epidemiological studies clearly demonstrated that exposure to flour particles is one of the most determining factors in airway hyper-responsiveness and allergic diseases such as occupational asthma (OA) [1] [7] [9] .
Allergens can cause OA which is essentially immunological. Usually OA does not display a sudden manifestation and a latent period is needed for sensitization. This period usually lasts for several months or more following the first exposure to a causative allergen.
To demonstrate that OA is produced by high molecular mass agents, we need evidence of specific IgE sensitization that it should be confirmed with a greatly sensitive test. Lack of such evidence significantly rules out the diagnosis.
Patients who are sensitized to high molecular mass agents almost always complain of accompanying symptoms such as rhinitis, itching and watering of the eyes and sometimes an urticarial rash [10] .
Identification of hypersensitivity to high-molecular weight allergens can play an important role in prevention of occupational asthma [1] [7] [9] [11]- [13] .
Sub-clinical stages of asthma can start before clinical signs, and changes in respiratory volumes and capacities. Therefore, it is obvious that early diagnosis of at risk cases in subclinical stages can reduce disease burden [7] .
To diagnose IgE-mediated occupational allergic diseases, we can use skin prick testing (SPT), in order to detect sensitized patients like asymptomatic bakers and symptomatic bakers with nasal and/or respiratory symptoms at work. We can detect sub-clinical stages of asthma by this procedure [14] [15] .
Although various methods have been applied for the diagnosis of airway hyper-responsiveness, such as SPT, few cheap and simple methods have been introduced so far. Having such tests may help to identify susceptible cases and prevent occurrence of excessive occupational asthma cases. It is specifically useful for the deprived areas or developing regions that have no access to simple tests such as SPT.
In allergic respiratory pathogenesis, eosinophil cells are among the most important inflammatory cells, which are influential in the onset and susceptibility of individuals to the illness [12] . Sputum eosinophilia, meanwhile, is one of the suitable diagnostic tests that have more than 80 percent sensitivity and 95 percent specificity [13] .
Sufficient evidence is available now showing that induced sputum is the best and most complete method for noninvasive examination of airway inflammatory infections due to its favorable properties including reliability, reproducibility, and responsiveness. Furthermore, the findings of some recent investigations have reliably demonstrated that induced sputum is a significant instrument for the determination of the phenotype of asthma, COPD, and other airway disorders, and also for examining the effect of treatment of these ailments.
The two cell types that are most frequently applied to describe the inflammatory response of the airways are eosinophils and neutrophils and the proportion of them which is essential to understand the result of this test. It is possible to monitor the pattern of inflammation more adequately in specific respiratory disorders by the use of induced sputum along with pulmonary function tests [16] - [19] .
In Iran, there are about 58,000 traditional bakery units with over 250,000 workers. The prevalence of respiratory and pulmonary diseases, specifically asthma, is increasing in Iran among the workers of these professions. About 15 percent of traditional bakery areas are less than 30 m 2 and large populations are exposed to potential allergic factors [20] .
In this study, we aimed at examining the relationship between occupational wheat flour inhalation and pulmonary functions, respiratory symptoms, and sputum eosinophilia of bakery and supermarket employees in Sanandaj, Kurdistan, Iran.
Materials and Methods
This cross-sectional study was carried out on traditional bakeries and supermarkets in Iran. In fact, there were about 396 bakeries in Sanandaj. First, indoor air was sampled in all bakeries to determine wheat flour dust concentration. Based on evidence available at professional and environmental health centers of the university and the recorded documents, the rate of exposure has been greater in the past compared to present.
Those workers whose flour dust concentrations were more than 0.5 milligrams per cubic meter (mg/m 3 ) in their work environment, including 85 bakeries, participated in the study. The 0.5 mg/m 3 is the threshold limit value (TLV) for wheat flour dust exposure in bakery workers [7] . We selected bakery workers based on the following criteria: 1) continuous past record of at least 3 years and working 6 hours per day in the current occupation, 2) absence of drug abuse in the recent month, and 3) exposure to flour dust. After applying these criteria, 50 bakeries were randomly selected and 140 workers enrolled. The working period of the bakeries was from 5 AM to 3 PM. A total of 158 supermarket workers from similar geographical region with psychosocial characteristics closely similar to the bakeries were randomly assigned to the non-exposure group. Based on environmental measurements, these individuals had no exposure to flour dust.
Informed written consent was obtained from all participants. Moreover, the study was approved by the appropriate ethics committee and has therefore been performed in accordance with the ethical standards laid down in the 1964 Declaration of Helsinki and its later amendments. Finally, data measurement was done from June 2012 to August 2013.
Air Sampling
Personal sampling was done in each bakery to determine 8-hour Time Weighted Average (TWA) concentration. In other words, air sampling was carried out for respirable flour dust during working shift. The sampling and analyses were based on 0600 standard methods of NIOSH [21] . Respirable dust samples were collected using a personal sampling pump (SKC-224-PCXR4 model) located in the worker's breathing zone and 10 mm cyclone at 1.7 l/min flow rate. The dust samples mass was weighted using a calibrated Sartorius balance (i.e. before and after sampling). In order to obtain accurate results, all filters were preserved in desiccator prior to weighting for 24h. Furthermore, a blank sample filter cassette assembly was provided for every four samples to increase the accuracy of sampling. The flour dust concentrations, thereafter, were calculated in mg/m 3 .
Questionnaire
Allergic and respiratory symptoms in the bakery and supermarket employees were examined by the new Medical Research Council (MRC) respiratory symptoms questionnaire that has a high sensitivity (65% -91%) and specificity (85% -96%) [22] - [24] . This tool has several new questions for identification of asthma and bronchial hyper-responsiveness [25] . Respiratory symptoms include chronic coughs, chronic sputum, wheezing in the last two years, past record of asthma attacks, and allergic symptoms during and after work. Breathing problems include difficulty in breathing when a person enters a cold, warm, frosty, misty or smoky environment or during cooking in the closed places. Allergic symptoms include symptoms of rhinitis, itching and watering of the eyes and sometimes an urticarial rash, sneezing, itching, and dyspnea during or after touching the materials in the work environment. Smoke status, meanwhile, was classified into three groups: 1) active smoker, 2) neversmoker, and 3): environmental tobacco smoke (ETS-smokers). Smoking was defined based on pack per year.
Spirometry
Evaluating dynamic lung functions are more important than static volumes. One of the most important useful tools for the diagnosis of occupational respiratory diseases is spirometry. In addition, results of spirometry are beneficial as they can help to diagnose early pulmonary dysfunctions. We did serial spirometry before, during, and after work in bakery workers based on the American Thoracic Society Scales, and only during work for supermarket employees using Spirolab III, MIR, Italy device [26] .
This device was calibrated on a daily basis and operated within the ambient temperature range of 20˚C -25˚C. We educated all participants about the test procedure. Participants were noticed to stop smoking 1 hour before test. A nose clip was used to carry out the test while the subject was in the sitting position. The test was performed three times after sufficient rest and the results were obtained in the spirometer. The readings of spirometer were expressed as percentages of the predicted values according to current guidelines [27] . We provided important parameters, such as Forced Vital Capacity (FVC), forced expiratory volume in second 1 (FEV 1 ), peak expiratory flow rate (PEF), and forced expiratory flow 25 -75 (FEF ).
Sputum Processing
Induction of the sputum was carried out by ultrasonic nebulizer and the use of aerosolized NaCl 4.5% in flow rate of 1.5 ml/min for three stages of five minutes. Then, the participants washed their mouth with water and dried it by a Kleenex after each inhalation to prevent salivary contamination. After this stage, the induced sputum was poured into a clean plastic dish by coughing up and samples were kept in 4˚C until the test time. For safety reasons and predicting the respiratory problems with NaCl, PEF was measured in participants after every five minutes. If it was more than 250 l/min, the test was continued [12] . Next, the samples were transferred to the laboratory.
Our specimens were represented as acceptable if alveolar macrophages were discovered and the percentage of squamous cells was less than 10% among nucleated cells. Also, sputum was transmitted to the slides in small amounts and smoothly and evenly spread over two microscopic slides. Then, they were smeared. Next, each of the smears was air-dried and stained using the May-Grunwald-Giemsa method. Moreover, differential cell counts were done by an observer who was blind to the clinical features of the participants. Finally, the eosinophil count was expressed as a percentage of the total cell count which is a more accurate measure compared to absolute count [28] .
Statistical Methods
After data collection, the normality of distribution of data was tested by One Sample K-S in SPSS IBM 21 software. Then, relevant data were analyzed using Independent T-tests (for normal distribution of data), Chi-square, One-way ANOVA and Mantel Hansel (for non-normal distribution of data). The latter test was used to control the effect of confounding factors.
Results
The means of age and working experience were 34.7 and 15.5 years for the exposure group, and 33.7 and 10.5 years for the non-exposure group, respectively. Explanation of job titles and demographic characteristics of bakery and supermarket employees are tabulated in Table 1 and Table 2 , respectively.
A total of 259 participants received sputum induction. Also, 86.8% of cases of sputum induction were done successfully. The differential cell counts expressed as percentage values, and also the upper limits for each cell type are displayed in Table 3 . As the table shows it, macrophages and neutrophils were more abundant. Additionally, few lymphocytes and bronchial epithelial cells were observed. As can be seen, eosinophil counts were higher in bakery subjects (n = 22) compared to supermarket employees (n = 5). This difference was clinically relevant and statistically significant (p < 0.001). Additionally, 3 participants in the bakery group and 12 in supermarket group were affected with asthma showing a statistically significant difference (p-value = 0.008) and mean of eosinophil count was 6.99 ± 2.27. As mentioned earlier, hypothesis of the authors is that before asthmatic period, exposure to flour dust may increase eosinophil count in sputum that it is according with our findings which has been shown in Table 3 .
Respirable concentration of flour in bakery workers was two to four-fold of ACGIH's TLV (0.5 mg/m 3 ), in which bread-bakers with 2.2 mg/m 3 (SD = 3.8) experienced maximum exposures. The minimum respiratory exposure concentration in bakery workers was in agents-which was 0.92 mg/m 3 . None of the workers used respiratory protection. (See Table 4 for mean respirable dust concentrations in all job titles). O. Giahi et al.
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The mean FVC, FEV 1 , PEF, and FEF of serial spirometries (before, during, and after work) in bakery workers were 95.2 (± 13.1), 90.3 (± 12.2), 89.7 (± 6.2), and 75.2 (± 10.4), respectively; these parameters were, respectively, 97.1 (± 6.4), 98.1 (± 9.3), 98.8 (± 6.1), and 94.6 (± 8.3) in spirometry of supermarket employees ( Table 5) . Although the mean respiratory volumes in bakery workers were in the normal range, the median of voluminal percentage in comparison with supermarket employees, except FVC, was reduced (p < 0.001). There were no significant differences in serial respiratory volumes of bakery workers. Among all job titles in the bakery workers, only mean respiratory volumes of bread-bakers was significantly reduced compared to supermarket employees (p < 0.05).
Totally, 22 out of 122 (18%) bakery workers and 5 out of 137 (3.6%) supermarket employees had sputum eosinophilia (p < 0.001). There was a statistically significant correlation between flour exposure concentration and sputum eosinophilia in bakery workers, in which 15 out of 22 (68%) eosinophilia specimens belonged to bread-bakers ( Table 3 ). In addition, there was a significant difference between job titles in bakery workers and eosinophilia cells (p = 0.03). However, there were no significant associations between working hours or years of working and eosinophilia.
The findings of our study also revealed significant differences in respiratory symptoms including productive cough, dyspnea and wheezing between bakery and supermarket employees, though of course, these symptoms were more prevalent in bread-bakers ( Table 6) .
As tabulated in Table 2 , 26 out of 122 (21%) bakers were active smokers. However, the relationship between smoking and respiratory symptoms and sputum eosinophilia was not significant (p > 0.05).
Discussion
In this research, we studied the impact of flour inhalation on pulmonary function, respiratory symptoms, and sputum eosinophilia of bakery and supermarket employees through a cross-sectional study. We further tried to find a predictive test for occupational asthma in sensitized individuals-sputum eosinophilia. We found that maximum time weighted average exposure was in the bread-bakers, which was four-fold of recommended TLV by ACGIH. Moreover, the minimum time weighted average exposure was in the agents (0.92 mg/m 3 ). Smith [29] . Also, in another research by Baatjies et al. (2010) on supermarket bakeries of South Africa, the highest exposure to flour was in confectioners (1.3 mg/m 3 ) [30] . We believe that poor ventilation and housekeeping, small workplace size (<30 m 2 ), jobs category, and season of sampling were effective parameters in measuring these exposures.
One of the most important tools for the confirmation of occupational exposure in occupational field is serial spirometry. Regarding occupational pulmonary exposure, one of the important criteria of approving occupational disease is changes in espirometric indices during the work shift [31] [32] .
To date, several studies have reported worker's exposure to flour and correlated it with pulmonary function [29] [33]- [37] . In this study, although respiratory volumes in bakery workers were in normal range, it is clinically worthy to mention that the number of participants in bakery workers, which had changes of pulmonary functions above 10% in PEF, FEF , FVC, and FEV 1 were 12.7%, 10.9%, 2.7%, 2.7%, respectively. Furthermore, although we found pulmonary function (FEV 1 , PEF and FEF ) of both bakery and supermarket employees were in normal range, the pulmonary function of bread-bakers exposed to much more flour dust decreased significantly (p < 0.05) with the consideration that this reduction might be also related to respiratory symptoms at work and/or sputum inflammation. In bread-bakers, FEV 1 and PEF decreased by 9% and FEF decreased by 21%.
Sputum eosinophilia had a correlation with flour exposure in bread-bakers and might be a suitable screening method to detect airway hyper-responsiveness in workers exposed to known asthmogens.
We have also found significant association between flour dust exposure and respiratory symptoms, such as dyspnea, wheezing, and productive cough in bakery workers (p < 0.001).
Induced sputum has been very useful in the investigation of eosinophilic bronchitis, a condition identified in individuals complaining of chronic cough. This condition has also been caused by exposure to occupational agents and has been labeled occupational eosinophilic bronchitis, and wheat flour exposure has been described as a cause of occupational eosinophilic bronchitis. We must consider the possibility that bakers suffering from cough at work may be affected by OCB. In addition, several studies demonstrated a correlation between flour exposure and prevalence of allergic signs [8] [38] [39] . Jacobs et al. (2008) , studied 860 bakers in a Dutch population and reported increased respiratory symptoms [9] . Also, Droste et al. (2003) , found more often respiratory symptoms in 246 workers from traditional and industrial bakeries [33] . Sputum eosinophilia test may be a suitable screening method to detect airway hyper-responsiveness in workers exposed to known asthmogens. SPT is considered to be a significant parameter in diagnosing IgE-mediated occupational allergic disorders. One important limitation of this study was no access to SPT in less developed regions and it was better to be compared our findings with SPT in coincident study. However, since sensitization has not been measured either against work related allergens or against common allergens, final conclusions may not be specified. By the way, we believe that more epidemiological studies are required to investigate the associations between flour dust exposure and sputum eosinophilia as a predictive factor.
Conclusion
We found that those bakery workers (bread-bakers) exposed to flour dust more than the recommended TLV compared to supermarket employees that had an increased risk of respiratory symptoms. Although there were reductions in the respiratory volumes, the results indicated no obstructive spirometric pattern. Meanwhile, more sputum eosinophilia was observed in those workers (bread-bakers) who had more occupational exposure to flour dust compared to supermarket employees.
